Two glucans, one α-glucan (TM-I) and one β-glucan (TM-II) were isolated from an edible mushroom, Termitomyces microcarpus by extraction with 5% NaOH/0.05% NaBH 4 , followed by a precipitation with 1 M acetic acid. The repeating units of two polysaccharides have been identified by means of NMR studies ( 1 H, 13 C, DEPT-135 and HSQC) and chemical investigations. The structures of repeating units of two polymers were established as β-D-Glc
Two glucans, one α-glucan (TM-I) and one β-glucan (TM-II) were isolated from an edible mushroom, Termitomyces microcarpus by extraction with 5% NaOH/0.05% NaBH 4 , followed by a precipitation with 1 M acetic acid. The repeating units of two polysaccharides have been identified by means of NMR studies ( 1 H, 13 The use of naturally occurring substances for human therapeutic purposes has gained a refreshed interest in recent times. An important natural resource having biologically active substances are the edible mushrooms. This class of mushrooms constitutes one of the protein-enriched, nutritious and delicious foodstuffs that is immensely popular across the globe. They are considered as a source of potential drug [1] , vitamins, fats, carbohydrates, amino acids and minerals as well [2] .
Termitomyces microcarpus is an edible species of agaric fungus which is obtained in the southern districts of West Bengal, India. It is found to grow in groups or clusters in different small areas of laterite deciduous forest soil associated with termite nests.
Termitomyces is a paleotropical genus of basidiomycete's fungi symbiotic with termites for survival belonging to the subfamily Macrotermitinae [3] . Several mushrooms such as Termitomyces eurhizus, T. clypeatus, T. microcarpus and T. robustus belong to the genus Termitomyces have been identified as edible mushrooms. Some useful enzymes from Termitomyces clypeatus and T. microcarpus have been reported. Termitomyces species are generally enriched in minerals such as K, Ca, Mg, Fe and Mn [4] .
Glucans having (1→3)-linkages as the backbone of polysaccharides is one of the common components of the cell wall of mushrooms. Normally β-glucans containing (1→3)-β-linkages in main chain of the polysaccharide are known to be antitumor polysaccharides. One such antitumor polysaccharide is Lentinan, known as (1→3)-β-Dglucan which was first isolated from Lentinus edodes by Chihara et al. [5, 6] . The antitumor material (1→3)-β-D-glucan exhibits immunomodulating effect by phagocytosis of macrophages and also by host defense mechanism against tumor without destroying the living cells [7, 8] . Furthermore, the other class of antitumor polysaccharide is α-glucan [9] and the α-glucan-protein complex [10, 11] which were isolated from different mushrooms. One such mushroom is Ganoderma lucidum from which (1→3)-α-D-glucan was obtained [12] . In this study, two insoluble glucans were isolated from alkali extract of Termitomyces microcarpus, although a watersoluble α-(1→4), β-(1→3)-glucan from this mushroom was reported earlier by Chandra et al. [13] .
A residual portion was collected through filtration, after the fruit bodies of mushroom were extracted with distilled water. This residue was thereafter boiled with 4% NaOH solution to obtain another extract. This alkali extract was dialyzed through a setup of dialysis tubing (cellulose membrane, Sigma-Aldrich) for several times, against distilled water, followed by precipitation, centrifugation and freeze drying to yield a crude polysaccharide. The crude polysaccharide was separated into two pure fractions of polysaccharide (TM-I and TM-II) according to the scheme given in the experimental section [14] . The structures of both polysaccharides were analyzed in the following way.
Structural analysis of TM-II:
An alditol acetate was prepared from hydrolysate obtained after hydrolysis of polysaccharide (TM-II) with 2 M trifluoroacetic acid. The alditol acetate was analyzed by GLC which showed the presence of glucose only. Hence, the polysaccharide was a glucan. A band at 890 cm 1 in the FT-IR spectrum indicated the glucan TM-II to contain βglucopyranosidic linkages. After a complete methylation of the glucan according to the procedure formulated by Ciucanu and
Kerek [15] , the methylated glucan was depolymerized and converted into partially methylated alditol acetate. The alditol acetate was analyzed by GLC-MS. The chromatogram revealed the presence of three types of linkages, corresponding to Glc p -(1→ (terminal), (1→3)-linked Glc p , and (1→3,6)-linked Glc p respectively approximately in the molar ratio of 1:1:1. The data shown in Table 1 NMR spectroscopy was used in order to ascertain the correct structure of the glucan. For NMR studies, the solution of glucan was prepared in DMSO-d 6 since the glucan was found to be insoluble in D 2 O. Therefore, no well resolved 1 H NMR spectrum was observed at 27 ˚C. The 1 H NMR spectrum (Figure 1b) showed two peaks at 4.20 ppm and 4.51 ppm for anomeric protons, however a single peak at 103.4 ppm in the 13 C spectrum (Figure 1c ) pointed out towards an anomeric carbons in all three D-glucopyranoside moieties. Both the protons (4.20 ppm and 4.51 ppm) and carbon (103.4 ppm) chemical shifts indicated that all glucopyranoside moieties had β-configuration [16] . All the proton chemical shifts tentatively assigned using HSQC spectrum (Figure 1a ) are given in Table 2 .
In the HSQC spectrum ( Figure 1a ) the cross-peaks C1/H1 at 103.4/4.20 ppm have been assigned to the non-reducing end β-D-Glc p -(1→ unit A, [17, 18] residues was (1→3,6)-linked β-D-glucopyranosyl moiety. The glycosylation at C-6 was further confirmed from DEPT-135 spectrum (Figure 1d ) which showed complete disappearance of the C-6 signal at 68.9 ppm and no significant reversed signal was observed in comparison to the unsubstituted C-6 of residue A [17, 19] . All values from C-2 to C-6 of residue A corresponded nearly to the standard values of methyl glucoside [16] . In case of the residue B, an up-field shift of C-5 signal at 75.0 ppm compared to standard value (76.8 ppm) was observed due to the β-effect of glycosylation. The up-field chemical shifts of C-2 (73.0 and 73.3 ppm) and C-4 (69.1 ppm) for residues B and C respectively were for C-3 linking. All carbon chemical shifts have been assigned with the help of HSQC spectrum were given in Table 2 .
From the above results obtained from chemical investigations as well as spectral analysis, it could therefore be concluded that the polysaccharide had a (1→3)-β-linked D-glucopyranosyl back bone to which a non-reducing end β-D-glucopyranosyl moiety was attached to C-6 through glycoside bond to form a branched glucan. Hence the structure of the glucan (TM-II) isolated from Termitomyces microcarpus was deciphered to be:
Structural analysis of TM-I:
Purification of the insoluble β-glucan further, led to another fraction of polysaccharide. Sugar analysis of this fraction revealed that the polysaccharide was also a glucan.
Methylation study for linkage analysis showed the presence of 1,3,5-tri-O-acetyl 2,4,6-tri-O-methyl D-glucitol only. Therefore, the presence of (1→3)-linked D-glucose moiety was confirmed in the polysaccharide. No such significant result was obtained during periodate oxidation study that settles the presence of (1→3)-linkage in polysaccharide.
NMR study was carried out with polysaccharide to reveal correct structure of the compound. In the 13 C NMR (125 MHz, DMSO-d 6 ) spectrum (Figure 1e ), six well-defined peaks were obtained. One of the signals at δ 100.3 was due to the anomeric carbon. This chemical shift showed that the (1→3)-linked D-glucose moiety was α-linked. It was supported by the appearance of one proton signal in the anomeric region at 5.03 ppm in 1 H NMR spectrum (500 MHz, DMSO-d 6 ). The other carbon signals were 71.4 (C-2), 83.3 (C-3), 69.9 (C-4), 72.5 (C-5), and 60.6 (C-6) ppm. These values were further corroborated with carbon signals of (1→3)-α-D-glucan [14] . The signal at δ 83.3 was assigned to the C-3 of D-glucose moiety. The higher chemical shift for C-3 compared to the standard value of methyl glucoside was due to the α-effect of glycosylation. The C-5 resonance (at 72.5 ppm) in the high field region was due to the βeffect of glycosylation. Hence, from the above results it was concluded that the polysaccharide (TM-I) was composed of following repeating unit.
→3)-α-D-Glc p -(1→ 
Separation flow sheet diagram:
Isolation and purification of polysaccharide: The fresh fruit bodies of mushroom (500 gm) were collected from soil associated with termite nests in the area of Phulpahari village (longitude 22.43650˚ and latitude 87.292872˚) nearby Midnapore town of Paschim Medinipur District, West Bengal, India. They were washed with distilled water followed by ethanol and then cut into pieces for extraction of polysaccharide by boiling with water for 4 h. After boiling with water, the residue portion was taken to recover insoluble polysaccharide. The residue part was then boiled in 4 % NaOH solution for half an hour. It was then filtered and the filtrate, after centrifugation, was dialyzed against distilled water in order to free from alkali for several times. The extract was precipitated in ethanol. The precipitate was collected through centrifugation and then freeze dried to get the crude water insoluble polysaccharide. The water insoluble fraction was thoroughly purified using the above (separation) flow sheet diagram.
Sugar analysis:
Both polysaccharides (3 mg each) were boiled in water bath for 16 h with 2 M trifluoroacetic acid (2 mL). The acid was removed by evaporation with water. Then the monosaccharides were reduced by NaBH 4 followed acidification with acetic acid to get alditols. The alditol acetates were then prepared by heating with (1:1) pyridine-Ac 2 O for 30 min at 100˚C and analyzed by GLC performed on a Hewlett-Packard 5988A gas chromatograph equipped with a flame-ionization detector. Quantitation was carried out from peak area, using response factors from standard monosaccharide.
Methylation analysis: According to the method of Ciucanu and
Kerek [15] , both polysaccharides (4 mg each) were methylated and the products were isolated by partition between chloroform and water (5:2). Then the methylated products were hydrolyzed by treatment with 90% formic acid (100˚C, 1 h), and the monosaccharides were converted to their methylated alditol acetates as usual. The sugar linkages of the constituent methylated alditol acetates were analyzed by GLC-MS analysis, performed on a Hewlett-Packard 5988A automatic GLC-MS system using a temperature program from 150˚C (2 min) to 200 ˚C (5 min) at 2˚C min -1 .
Periodate oxidation: 2 mL 0.1 M NaIO 4 solution was added to both polysaccharides (4.0 mg each) kept in the dark during 48 h at room temperature. Excess sodium metaperiodate was destroyed by addition of 1,2-ethanediol and the mixture was dialyzed against distilled water. The product was reduced overnight with NaBH 4 , neutralized with acetic acid and dried by co-distillation with MeOH. This reduced polysaccharide was then methylated and the alditol acetates were prepared. The alditol acetate was analyzed by GLC-MS.
